The intracellular organism Anaplasma phagocytophilum causes human granulocytic ehrlichiosis and specifically infects and multiplies in neutrophilic granulocytes. Previous reports have suggested that, for its survival, this bacterium suppresses the neutrophil respiratory burst. To investigate the mechanism of survival, we first assessed the kinetics of A. phagocytophilum entry into neutrophils by using double-labeling confocal microscopy. At 30, 60, 120, and 240 min of incubation, 25, 50, 55, and 70% of neutrophils contained bacteria, respectively. The neutrophil respiratory burst in the presence of A. phagocytophilum was assessed by a kinetic cytochrome c assay and by measurement of oxygen consumption. Neutrophils in the presence of A. phagocytophilum did not produce a significant respiratory burst, but A. phagocytophilum did not inhibit the neutrophil respiratory burst when phorbol myristate acetate was added. Immunoelectron microscopy of neutrophils infected with A. phagocytophilum or Escherichia coli revealed that NADPH oxidase subunits gp91 phox and p22 phox were significantly reduced at the A. phagocytophilum phagosome after 1 and 4 h of incubation. In neutrophils incubated simultaneously with A. phagocytophilum and E. coli for 30, 60, and 90 min, gp91 phox was present on 20, 14, and 10% of the A. phagocytophilum phagosomes, whereas p22 phox was present in 11, 5, and 4% of the phagosomes, respectively. Similarly, on E. coli phagosomes, gp91 phox was present in 62, 64, and 65%, whereas p22 phox was detected in 54, 48, and 48%. We conclude that A. phagocytophilum does not suppress a global respiratory burst and that, under identical conditions in the same cells, A. phagocytophilum, but not E. coli, significantly reduces gp91 phox and p22 phox from its phagosome membrane.
Human granulocytic ehrlichiosis (HGE) is a tick-transmitted febrile illness caused by an intracellular organism recently renamed Anaplasma phagocytophilum, which exclusively infects neutrophilic granulocytes (4, 10, 16, 23) . Clinical manifestations include fever, headache, myalgias, neutropenia, and thrombocytopenia and are occasionally complicated by secondary opportunistic infections (1, 15, 20) . In areas of endemicity, the HGE incidence among tick-associated diseases is second only to Lyme disease (21) . A major property of A. phagocytophilum is that it survives in a cytoplasmic vacuole and it inhibits fusion with lysosomes (40) . Thus, if this pathogen enters and survives in neutrophils, it must circumvent or endure the effects of the respiratory burst, which is an important mechanism of killing by these polymorphonuclear cells (PMN). Indeed, several investigators have reported complete inhibition of the respiratory burst in PMN and in HL-60 cells infected with A. phagocytophilum (5, 26, 27) .
Activation of the respiratory burst coincides with the assembly of the NADPH oxidase, leading to the rapid generation of superoxide (O 2 Ϫ ) and other toxic reactive oxygen species (ROS) such as hydrogen peroxide and hypochlorous acid. The importance of the NADPH oxidase system to the innate host defense is demonstrated by frequent and severe infections resulting from the ineffective killing of microorganisms in patients with chronic granulomatous disease (12) . The chronic granulomatous disease phenotype resulting in an ineffective NADPH oxidase is caused by mutations in one of several subunits of the NADPH oxidase (3) . To target the toxic effects of ROS at microorganisms while limiting the collateral damage to host cells, activation of the NADPH oxidase complex is both spatially and temporally regulated. NADPH oxidase activation and termination coincides with the assembly and disassembly of its constituents. In unstimulated neutrophils, the NADPH oxidase is unassembled and inactive, with its components stored in different locations (for reviews, see references 3, 13, 14, and 28). Upon activation, the complete NADPH oxidase is assembled rapidly from its presynthesized subunits and consists of the cytoplasmic subunits p40 phox , p47 phox , p67 phox (phox stands for "phagocyte oxidase") that translocate en bloc to bind to membrane-bound flavocytochrome b 558 , which itself is a heterodimer of the membrane proteins gp91 phox and p22 phox . In unstimulated neutrophils, the majority of flavocytochrome b 558 is present on the membrane of secretory vesicles and to a lesser extent on the cell membrane (24) . Upon activation, the secretory vesicles deliver flavocytochrome b 558 by fusing with either the cell membrane or the phagosomal membrane, resulting in the generation of ROS at two different compartments, extracellularly and intracellularly in phagosomes.
A. phagocytophilum can be propagated in culture with HL-60 cells, and most investigations in the laboratory have used HL-60 cells (19) . However, HL-60 cells are not normal phagocytes, and the use of HL-60 cells has several disadvantages: undifferentiated HL-60 cells have no respiratory burst and differentiated HL-60 cells display some respiratory burst but constitutively lack secretory vesicles. Thus, HL-60 cells are of limited use when studying changes in the respiratory burst upon interaction with pathogens. Therefore, we have focused our studies of the respiratory burst by using PMN. In the present study we have examined the kinetics of entry of A. phagocytophilum and its effects on the global respiratory burst. Furthermore, we provide evidence that the number of A. phagocytophilum phagosomes containing cytochrome b 558 is significantly reduced compared to phagosomes containing Escherichia coli, suggesting that A. phagocytophilum manipulates its local intracellular environment.
MATERIALS AND METHODS
Cultivation of A. phagocytophilum and E. coli. The human promyelocytic cell line HL-60 (ATCC 240-CCL; American Type Culture Collection, Rockville, Md.) was infected with A. phagocytophilum and maintained in culture in Iscove's modified Dulbecco's medium supplemented with 20% fetal calf serum at 37°C with 5% carbon dioxide (19) . The A. phagocytophilum strain used for all experiments was the HGE bacterial isolate NCH-1 (36) . Cell density was maintained between 0.5 ϫ 10 6 and 2.0 ϫ 10 6 cells/ml by changing the culture medium twice per week, and the percentage of infected HL-60 cells was Ն85%, as determined by counting 200 HL-60 cells by indirect immunofluorescence. For the preparation of fresh A. phagocytophilum, infected HL-60 cells were lysed at 4°C by passage through a 21-gauge needle five times, followed by a low-spin centrifugation (1,800 ϫ g). The supernatant containing the A. phagocytophilum was then subjected to centrifugation (13,500 ϫ g) at 4°C to pellet the bacteria. The pellet was dissolved in sterile endotoxin-free Hanks' buffered salt solution (HBSS) and washed three times in HBSS (Biowhittaker, Wakersville, Md.). The concentration of A. phagocytophilum was measured spectrophotometrically at the A 600 (comparing the A 600 with the A 600 ϭ 0.5, equaling 2.0 ϫ 10 8 bacteria). Final A. phagocytophilum concentrations for all experiments were adjusted to yield a ratio of 50 bacteria per neutrophil, unless stated otherwise. E. coli containing the pMAL-c2X vector encoding the maltose binding protein (MBP) (NEB, Beverly, Mass.) was grown overnight to a concentration of 2 ϫ 10 8 cells/ml. The presence of this plasmid allowed for rapid antibody detection with anti-MBP in immunofluorescence experiments. For opsonization experiments, A. phagocytophilum cells were incubated with human serum at a dilution of 1:3 for 30 min at 37°C. Bacteria were heat killed at 65°C for 15 min.
Isolation of human peripheral neutrophils. Heparinized venous blood was obtained from healthy individuals in accordance with a protocol approved by the institutional review board for human subjects at the University of Iowa. Neutrophils were freshly isolated for each experiment by 3% dextran sedimentation and Ficoll-Hypaque (Amersham, Piscataway, N.J.) density gradient separation, followed by hypotonic lysis of erythrocytes, as described previously (6) . Neutrophils were gently resuspended in HBSS (with Ca and Mg) supplemented with 10 mM D-glucose and kept on ice until use. The concentration of purified cells was determined by counting with a hemocytometer. Purified cells contained Ͼ95% neutrophils, as assessed by diff-Quick stain (Baxter Healthcare Corp., Miami, Fla.).
Incubation of neutrophils with A. phagocytophilum or E. coli. Fresh neutrophils were incubated with freshly prepared A. phagocytophilum at a final bacteria/ neutrophil ratio of 50:1 at 37°C under gentle agitation, and aliquots were collected at different time points. The final bacteria/neutrophil ratio was achieved by adding a spectrophotometrically measured concentration of bacteria to a known concentration of PMN. The ratio was confirmed by counting the total number of bacteria per 20 cells by immunofluorescence staining methods. Similarly, neutrophils were incubated with E. coli at the same concentrations as A. phagocytophilum cells. For simultaneous dual infections, A. phagocytophilum and E. coli were added to neutrophils at the same time and incubated as described above. After incubation, cells were used in the different assays described below. For experiments with synchronized entry, bacteria were allowed to bind for 30 min, followed by centrifugation of the neutrophils (400 ϫ g), and resuspended in HBSS to remove unbound bacteria.
Indirect immunofluorescence and confocal immunofluorescence microscopy. Immunostaining and fluorescence microscopy were performed as described previously (13, 14) . Briefly, after incubation, cells were allowed to adhere to microscope slides for 10 min and then fixed with 10% formalin for 15 min. Cells were permeabilized with acetone at 20°C, washed, and then blocked for 1 h in HBSS containing 5 mg of bovine serum albumin/ml, 10% normal horse serum, and 0.02% sodium azide. Primary antibodies included polyclonal rabbit anti-A. phagocytophilum, rabbit anti-MBP antibody to detect E. coli, antivinculin antibodies to counterstain neutrophils, and rhodamine-phalloidin to stain HL-60 cells. Monoclonal antibodies to gp91 phox (54.1) and p22 phox (44.1) were a gift from A. J. Jesaitis and J. B. Burritt (7, 8, 22, 40) . Fixed and permeabilized cells were incubated with primary antibodies for 1 h at 25°C in a humidified chamber and then washed six times in HBSS. After incubation with secondary antibodies conjugated with fluorescein isothiocyanate or tetramethyl rhodamine isothiocyanate (TRITC) or incubation with rhodamine-phalloidin for an additional hour, slides were washed six times in HBSS, covered with glass coverslips by using mounting media containing the antifading agent 1,4-diazabicyclo-octane (Sigma, St Louis, Mo.). In double-labeling experiments, primary antibodies were incubated sequentially, followed by incubation with secondary antibodies. The specificity of the staining was assessed by the omission of primary antibodies and by the use of mouse and rabbit isotype control antibodies. For each incubation time point, 25 Z-stacks were examined and cells were scored for having A. phagocytophilum or E. coli bacteria intracellularly. A. phagocytophilum and E. coli bacteria were labeled with TRITC-conjugated secondary antibody bound to rabbit anti-A. phagocytophilum or rabbit anti-MBP, respectively, and neutrophils were labeled with antivinculin antibodies. Fluorescence was visualized by using an Axioplan2 epifluorescence microscope (Carl Zeiss, Thornwood, N.Y.), an LSM 510 laser-scanning confocal microscope (Carl Zeiss) at the Veterans Administration Medical Center, or a model 1024 laser-scanning confocal microscope (Bio-Rad, Hercules, Calif.) at the University of Iowa Central Microscopy Research Facility. Electron microscopy and immunolabeling. Uninfected neutrophils (controls), neutrophils incubated with A. phagocytophilum or E. coli at different time intervals, and neutrophils infected with both A. phagocytophilum and E. coli were fixed in phosphate-buffered saline with 4% paraformaldehyde, subsequently embedded in LR White resin, and incubated at 55°C for 48 h. After sectioning and placement on grids, samples were incubated sequentially with a first primary antibody, washed, and incubated with a secondary antibody conjugated with colloidal gold, followed by postfixation in 2.5% glutaraldehyde and silver enhancement. The samples were then incubated with the second primary antibody, washed, and incubated with a secondary antibody, followed by postfixation, further silver enhancement, and poststaining for contrast enhancement. The specificity of staining was assessed by the omission of primary antibodies or the omission of secondary antibodies in single-labeling studies. Samples were examined and photographed with a transmission electron microscope (Hitachi H-7000) operating at 75 kV at the University of Iowa Central Microscopy Research Facility.
Kinetic cytochrome c assay. Neutrophils with or without preincubation with A. phagocytophilum or E. coli were aliquoted to wells of a 96-well microtiter plate (adjusted final concentration, 2.0 ϫ 10 6 cells/ml in HBSS supplemented with 10 mM D-glucose). Ferricytochrome c (final concentration, 240 mM), phorbol myristate acetate (PMA) (final concentration, 50 ng/ml), superoxide dismutase (SOD) (final concentration, 0.125 mg/ml), or HBSS alone was added to the wells, and the final volume for each well was adjusted with HBSS to 200 l. All experiments were done in duplicate wells. Plates were warmed to 37°C by using a Spectramax microplate spectrophotometer (Molecular Devices, Sunnyvale, Calif.), and the optical density at 550 nm was measured over time. The O 2 Ϫ generation was defined as the SOD-inhibitible reduction of ferricytochrome c at 550 nm (net difference of the optical density values of the wells containing SOD subtracted from those of the wells without SOD). The concentration of O 2 Ϫ was calculated by using the nanometer extinction coefficient of 21.1 and a light path length of 3 mm (volume of 200 l per well).
Oxygen consumption. Oxygen consumption was used as an alternate method to overcome several limitations inherent to the cytochrome c assay. Polarigraphic measurement of oxygen pressure in solution was performed by using a biologic oxygen monitor with a Clark-type electrode (YSI, Yellow Springs, Ohio). Neutrophils (preincubated with and without A. phagocytophilum), 5.0 ϫ 10 6 cells in 0.99 ml, were placed in a sample chamber with a stir magnet at 37°C for 5 min to equilibrate. Oxygen consumption was measured for 15 min; subsequently, 10 l of PMA (final concentration, 100 ng/ml) was added and oxygen consumption was measured for 30 min or until all oxygen was consumed. The maximal rate of oxygen consumption (V max ) and the total amount of oxygen consumed were determined for resting neutrophils and PMA-stimulated neutrophils. The system was calibrated with oxygen-saturated water, which contains 217 nmol of O 2 /ml at sea level, at 37°C for 1 h. All oxygen consumption assays were repeated five times.
Xanthine and xanthine oxidase assay. In a cell-free system, superoxide was generated by dissolving xanthine (final concentration, 50 M) and ferricytochrome c (final concentration, 80 mM) with and without SOD (final concentration in the assay, 0.125 mg/ml) in HBSS from 10ϫ stock solutions. Final volumes were adjusted with HBSS to 200 l. The plate was warmed to 37°C by using a Spectramax microplate spectrophotometer, and xanthine oxidase (final concentration, 25 mU/ml) was added just before the plate was read. All experiments 
RESULTS
A. phagocytophilum entry into neutrophils. Prior to examining the respiratory burst generated by neutrophils incubated with A. phagocytophilum, we first established the kinetics of bacterial entry. Human neutrophils were incubated with A. phagocytophilum, and aliquots were taken at 0, 30, 60, 120, and 240 min and prepared for double immunolabeling with anti-A. phagocytophilum and antivinculin antibodies. Using confocal microscopy, 25 Z-stacks were generated for each time point (Fig. 1 ) and the percentage of neutrophils having one or more intracellular A. phagocytophilum cells was recorded. The percentage of infected cells increased over time (Fig. 2) . The entry of opsonized and heat-killed A. phagocytophilum cells was significantly higher than that of nonopsonized A. phagocytophilum or nonopsonized E. coli. Nonopsonized A. phagocytophilum entry into HL-60 cells was also increased compared to entry into neutrophils. Extracellular organisms, but adherent to neu- Ϫ production, whereas PMN without A. phagocytophilum and with PMA resulted in significant O 2 Ϫ production. PMN preincubated with A. phagocytophilum for increasing periods of time (0, 30, 60, and 120 min) but without PMA showed minute but increasing amounts O 2 Ϫ . PMN preincubated with A. phagocytophilum for the same increasing time periods showed a significant respiratory burst when PMA was added after the preincubation. Neutrophils preincubated with A. phagocytophilum for 30 min showed a slight overall reduction in the amounts of O 2 Ϫ measured, whereas PMN preincubated with A. phagocytophilum for 120 min showed an increased O 2 Ϫ production (Fig. 3B) . In all cases, the addition of PMA showed a robust response regardless of the amount of time of preincubation with A. phagocytophilum compared to samples without PMA, indicating that the respiratory burst was not suppressed. Experiments were performed five times. The differences between samples with and without PMA were statistically significant. The maximal superoxide production after PMA stimulation (neutrophils alone) was between 3.6 and 4.9 nmol/min/10 6 PMN. Oxygen consumption. To confirm the results obtained from the cytochrome c assay, we examined oxygen consumption as a measure of the respiratory burst of neutrophils incubated with A. phagocytophilum. Since the ROS produced by the NADPH oxidase are derived from molecular oxygen, the measurement of oxygen consumption in the medium containing the neutrophils should be equivalent to the amount of ROS produced, regardless of ROS (O 2 Ϫ , H 2 O 2 , or HOCl) or where (i.e., intracellularly or extracellularly) these compounds are produced. Unstimulated neutrophils consumed small amounts of oxygen at a constant rate (Fig. 4A ). The addition of PMA at 15 min increased their oxygen consumption. PMN did not increase oxygen consumption when A. phagocytophilum (bacteria/PMN ratio, 50:1) was added at 15 min. PMN with A. phagocytophilum added at time zero showed an increased oxygen consumption only upon the addition of PMA at 15 min, similar to the PMN without A. phagocytophilum. To assess the effect of preincubation of neutrophils with A. phagocytophilum on ROS generation, oxygen consumption was measured for 15 min after PMN preincubation with A. phagocytophilum for 15, 45, and 105 min. Subsequently, PMA was added (at time 15 min) to these samples (at total incubation times of 30, 60 and 120 min with A. phagocytophilum) and resulted in increased oxygen consumption (Fig. 4B) . The rate of increase of oxygen consumption among the different samples was similar, but the samples with longer preincubation times (45 and 105 min) displayed an increased lag phase to oxygen consumption after PMA stimulation. All oxygen consumption essays were repeated five times, and the results shown in Fig. 4 are representative. The maximum rate of oxygen consumption (V max ) was between 6 and 9% per minute, and the calculated oxygen consumption was 2.6 to 3.9 nmol/min/10 6 PMN. These rates of oxygen consumption correlate with the measurements of superoxide production from the cytochrome c assays. Taken together, these data indicate that A. phagocytophilum does not stimulate a respiratory burst, nor does it inhibit neutrophil oxygen consumption when stimulated with PMA.
Xanthine and xanthine oxidase assay. We considered the possibility that A. phagocytophilum might scavenge O 2 Ϫ , leading to reduced amounts of measured O 2 Ϫ in the cytochrome c assay (Fig. 3A) . In a cell-free system, xanthine is converted by xan- We first established the conditions such that the xanthine oxidase was the rate-limiting factor in the assay, resulting in a nearly constant rate of O 2 Ϫ production. The production of O 2 Ϫ was measured by the SOD-inhibitible reduction of ferricytochrome c, and simultaneously, the amount of newly formed urate was measured. An uninfected HL-60 control (uninfected cells were taken through the same bacterial purification steps as infected cells to have an exact comparison) and a negative control (no A. phagocytophilum) were included. The HL-60 control does not reduce the O 2 Ϫ production (Fig. 5A) , excluding the possibility that HL-60 cell remnants could be scavenging O 2 Ϫ . The addition of A. phagocytophilum reduced the amount of measured O 2 Ϫ in a dose-dependent fashion, but the rate and total amount of urate produced did not change (Fig. 5B) . The experiment was performed five times. Because urate formation was unaffected, inhibition of the xanthine oxidase by A. phagocytophilum did not account for the reduction in measured O 2 Ϫ production. Note that the concentration of 100 ϫ 10 6 bacteria per ml is equivalent to the bacterial concentration used for experiments whose results are shown in Fig. 3 . Thus, at least in vitro, A. phagocytophilum has the capacity to scavenge O 2 Ϫ . The V max of O 2 Ϫ production ranged between 1.2 and 1.3 nmol/ml, which is about two-to threefold less than the V max in the cytochrome c assays (Fig. 3) but is still in the physiologic range of O 2 Ϫ , as produced by stimulated neutrophils.
Dual-labeling electron microscopy. We hypothesized that if the overall respiratory burst is not inhibited, A. phagocytophilum could inhibit NADPH oxidase locally at the phagosome membrane to ensure survival. Neutrophils were incubated with A. phagocytophilum or E. coli for 1 and 4 h and processed for immunolabeling. Although E. coli phagosomes were identified easily, A. phagocytophilum cells were more difficult to distinguish from other cell organelles. Therefore, we used a doublelabeling technique to visualize A. phagocytophilum and gp91 phox or p22 phox (Fig. 6) . Of E. coli phagosomes, 54 and 50% showed the label for gp91 phox and 48 and 48% showed the label for p22
phox at 1 and 4 h of incubation, respectively (Fig. 7A) . Of A. phagocytophilum phagosomes, 13 and 10% contained the label for gp91
phox and 10 and 8% contained the label for p22 phox at 1 and 4 h of incubation, respectively. Next, we repeated the experiment by using synchronized entry of bacteria into the neutrophils at 30, 60, and 90 min, and the results are shown in Fig. 7B . Of E. coli phagosomes, 64, 54, and 59% contained the gp91 phox label and 47, 41, and 47% contained the p22 phox label. Of A. phagocytophilum phagosomes, 16, 18, and 13% showed the label for gp91 phox and 6, 7, and 5% showed label for p22
phox . Subsequently, we incubated neutrophils simultaneously with A. phagocytophilum and E. coli for 30, 60, and 90 min, and only cells with both pathogens were scored (Fig. 7C) . As was seen with incubation of neutrophils with single infections, dual infection of neutrophils showed a similar pattern: at 30, 60, and 90 min of incubation, 62, 64, and 65% of E. coli phagosomes contained gp91 phox and 54, 48, and 48% of E. coli phagosomes contained p22 phox , whereas 20, 14, and 10% of A. phagocytophilum phagosomes showed the label for gp91 phox and 10, 5, and 4% of A. phagocytophilum phagosomes showed the label for p22 phox , respectively. Thus, within the same cells, the percentage of A. phagocytophilum phagosomes labeled with gp91 phox or p22 phox was significantly lower than that of E. coli phagosomes (P Ͻ 0.001).
DISCUSSION
The intracellular human pathogen A. phagocytophilum resides and multiplies in polymorphonuclear neutrophils (granulocytes), the primary early effector of innate defense in humans. To survive the major killing mechanism of this phagocyte, A. phagocytophilum must be able to circumvent the respiratory burst produced by neutrophils, an extraordinary feat A. phagocytophilum does not suppress the overall respiratory burst, in contrast to the results of previous reports (26, 27) . However, it does interfere with the accumulation of NADPH oxidase locally at its own phagosome. We show evidence that the presence of gp91 phox and p22 phox in the phagosome containing A. phagocytophilum is reduced but not that in the E. coli phagosome. Dual infection of neutrophils with both organisms shows similar exclusion of cytochrome b 558 from the A. phagocytophilum phagosome within the same cell. Thus, translocation of cytochrome b 558 (and other subunits as well) to the A. phagocytophilum phagosome is selectively inhibited, a scenario that has been demonstrated for Salmonella enterica serovar Typhimurium (18, 37, 38) . The fact that not all E. coli phagosomes are labeled with gp91 phox and p22 phox antibodies may reflect the limitations of the technique used or, alternatively, could be explained by degradation or disassembly of the NADPH oxidase complex over time. Certainly, our methods do not allow us to distinguish between exclusion or rapid degradation of the NADPH oxidase at the A. phagocytophilum phagosome, and this issue needs further investigation.
Several investigators have examined the effects of A. phagocytophilum infection on the respiratory burst (5, 9, 11, 26, 27, 39) . Most studies have concluded that A. phagocytophilum infection results in a reduced or absent respiratory burst in neutrophils and/or HL-60 cells, whereas Choi and Dumler reported an early increase followed by a later suppression of the respiratory burst. Our results indicate that A. phagocytophilum does not significantly suppress the overall respiratory burst in infected neutrophils. How can these seemingly opposing results be explained? First, it is important to distinguish studies of HL-60 cells from those examining mature neutrophils. While uninduced HL-60 cells do not have a respiratory burst and induced cells show some respiratory burst activity, they lack secondary granules, which is an important reservoir of flavocytochrome b 558 (gp91 phox and p22 phox ). The strength of the reports with HL-60 cells is primarily that they show that A. phagocytophilum is able to suppress the transcription of several components of the NADPH oxidase (such as gp91 phox and Rac2) as one mechanism of ensuring prolonged intracellular survival (5, 9) . This strategy may be very relevant but only if A. phagocytophilum is able to employ additional mechanisms to first successfully fend off an initial respiratory burst upon entry. The latter is addressed by studies, including ours, with mature neutrophils (11, 26, 27) .
Second, because activation of the respiratory burst is rapid, within seconds to a few minutes, assays to measure O 2 Ϫ and/or its oxygen metabolites need to include early time points. We have presented data from two independent techniques (kinetic cytochrome c assay and oxygen consumption) that show that A. phagocytophilum does not significantly suppress a global respiratory burst when stimulated by PMA. We have not been able to confirm the complete elimination of the respiratory burst after stimulation with PMA, as reported by Mott and Rikihisa (26) . Perhaps a somewhat different method, such as the time of Ϫ scavenging by A. phagocytophilum could lead to an underestimation of the degree of respiratory burst activity. In fact, lucigenin chemiluminescence has been used as a measure of SOD activity for E. coli (25) . With the anticipated completion of the A. phagocytophilum genome sequencing project in the near future, several candidate genes involved in oxygen scavenging may well be identified.
Precisely to avoid the effects of O 2 Ϫ scavenging in assays measuring ROS, we examined oxygen consumption as a measure of the respiratory burst. Because molecular oxygen is the substrate for the generation of O 2 Ϫ , the change in oxygen pressure in a closed chamber containing neutrophils is a direct measure of the respiratory burst. Indeed, mature resting neutrophils consume small amounts of oxygen, whereas activation of the respiratory burst in neutrophils dramatically increases oxygen consumption. Based on our results obtained by measuring oxygen consumption, we conclude that A. phagocytophilum does not inhibit the overall respiratory burst.
Exclusion of NADPH oxidase at the phagosome by wild-type Salmonella, but not by mutants of pathogenicity island 2 (SPI-2), implies that the type III secretory system encoded by SPI-2 introduces factors into the host cytoplasm that play a role in the biogenesis of the Salmonella-containing vacuole (18) . We hypothesize that A. phagocytophilum may employ a similar strategy. This notion is supported by the observation that A. phagocytophilum inhibits phagosome-lysosome fusion and by the recent identification of a type IV secretory system in A. phagocytophilum that could facilitate interference with intracellular trafficking (32, 40) . Members of type IV systems have been identified in several intracellular organisms, including Helicobacter pylori, Rickettsia prowazekii, Rickettsia conorii, Brucella spp., and Bartonella henselae (2, 29-31, 33, 34) . With the identification of these transporter systems, investigation of the action of effector proteins may provide further understanding of the basic mechanisms that lead to manipulation of the nascent phagosome containing these pathogens.
